Introduction
Nanocrystalline materials with particle size of 1-100 nm are of current interest in discovering novel and chemical properties of materials that may differ from those of the corresponding bulk materials. Nanocrystalline crystallites are generally viewed to consist of two structurally distinct components, a crystalline component formed by a small single crystal with random crystallographic orientation and a surface layer characterized by a significant fraction of atoms at grain boundaries. The nanomaterials are very sensitive to external parameters like pressure and temperature. The study of nanomaterials under high pressure and high temperature is considered as a possible path to expand the range of available solid state materials. Pressure application, as for the bulk materials, allows the continuous modification of the interatomic interaction of the nanoobject and constitutes an invaluable tool to explore physical chemical interactions at the nanoscale and their link with physical properties of interest. The physical properties of materials depend strongly on the structure and interatomic distances. High pressure can vary these distances, which implies that we can study relations between structure and properties of the materials.
High compression occurs due to high pressure. Due to the pressure many effects happen, such as pressure ionization, modification in electronic properties, phase change, and several phenomenons in applied fields.
The knowledge of thermoelastic properties of minerals at high temperature and pressure is required for the understanding of the earth's deep interior. The study based on the Equation of State at high pressure and high temperature is of fundamental interest because it permits interpolation and extrapolation in to the regions in which the experimental data are not available adequately. They help in planning future high-pressure experiments and are also important in comparing static high-pressure experiments with shock wave experiments, in which the treatment of thermal effect is particularly important. Numerous investigations have been reported on the physical and electronic properties of materials with the change in particle size [1] [2] [3] .
TiO 2 is a wide band gap (3.2 eV) semiconductor material. Among the major technological applications of this material are those in the pigments, plastics, cosmetics, electronics, and catalysts industries. It can be used in oil and air purification. It is useful in nitrogen fixation as well as dissociation of water molecule to produce hydrogen gas. It is a promising nonlinear optical material due to its transparency and large refractive index [4] . TiO 2 has also served minerals physicists as a model system in the study of pressure-induced structural phase transitions of oxides relevant to the Earth's mantle, in particular that of SiO 2 . It is also known for polymorphism, several natural polymorphs of TiO 2 exit [5] , and the most common are anatase, rutile, and brookite. Rutile is the stable phase whereas anatase and brookite are metastable. Swamy et al. [6] have presented a synchrotron XRD study of pressureinduced changes in nanocrystalline anatase (with a crystallite size of 30-40 nm) to 35 GPa. The nanoanatase was observed to a pressure above 20 GPa. Direct transformation to the baddeleyite TiO 2 polymorph was seen at 18 GPa. High temperature in situ micro X-ray diffraction studies have been performed by Seelaboyina et al. [7] on nanocrystalline and bulk samples of NiO, anatase TiO 2 , and ZnO. The lattice parameters of bulk and nanosamples were determined from 475-141 K for NiO, 300-883 K for TiO 2 , and 300-1426 K for ZnO. The results obtained in this study show that the volume thermal expansion coefficient of nanocrystalline NiO is higher than that of bulk NiO. The volume thermal expansion coefficient ( ) of n-TiO 2 was measured approximately the same as that of the bulk TiO 2 . An increase in the volume thermal expansion coefficient ( ) of n-ZnO over bulk ZnO is observed. The high-pressure behavior of Ni-filled and Fefilled multiwalled carbon nanotubes has been investigated up to 27 Gpa and 19 GPa with the help of synchrotronbased angle-dispersive X-ray diffraction [8] . The structural transformation in CdSe nanocrystals has been studied [9] using high-pressure X-ray diffraction and pressure optical absorption at room temperature. The nanocrystal undergoes a wurtzite to rocksalt transition analogous to that observed in bulk CdSe. The compression behavior of Rb 3 C 60 was first measured by X-ray diffraction under hydrostatic pressure up to 2.8 GPa in a diamond anvil cell (DAC) at 300 K by Wang et al. [10] . The compressibility of Rb 3 C 60 was later remeasured by Ludwig et al. [11] up to 6 GPa using similar technique. An examination of previous Equation of State studies on Rb 3 C 60 using a DAC revealed that the technique has limited accuracy in the pressure range up to 1.5 GPa [12] . -Fe 2 O 3 nanocrystal reveals different behaviour under high pressure. The -Fe 2 O 3 nanocrystal was synthesized using microemulsion method in the system of water toluene, coated with dodecyl benzene sulphonic by Piermarini et al. [13] . The sample was characterized by using high-resolution transmission electron microscopy (HRTEM), which displays that the nanocrystals are spherical. It has been found that there is a phase transition of -Fe 2 O 3 to -Fe 2 O 3 when pressure reached 25 GPa [14] .
Due to the possibilities of substantially different behavior compared to the bulk, studies of nanocrystalline materials under high pressure and high temperatures are of considerable current interest. Application of high pressure may induce several effects on nanomaterial, and Equation of State is one of the useful tools to study these effects, that is, effect on thermoelastic properties such as Volume compression, bulk modulus, and thermal expansion. Due to such effects, several researchers have attracted the attention to the effect of pressure on nanomaterials. nanomaterials under strong compression. Method of analysis is given in Section 1 followed by the results and discussion in Section 2.
Method of Analysis
The equation of state for a solid may be written as follows [15] :
where is the lattice potential energy which is the function of volume only, by expanding in powers of Δ = − . With the help of Taylor series expansion, Shankar et al. [16] used the following truncated expression for the lattice potential energy:
where Δ = − , where , , and are the first-, second-, and thirdorder volume derivatives of taken at = . In view of equilibrium condition we have = 0. Values of and are determined using the expressions for isothermal bulk modulus and its pressure derivative at = 0. The relations thus obtained are [16] = ,
where and are the values of and / at = 0. Using these equations Shanker et al. [16] obtained the following relation (at = 0): Values of , , and all refer to the initial temperature and = 0. Under the effect of pressure, that is, when is not equal to zero, the above equation will yield to [16, 17] 
When thermal pressure is zero ( Th = 0), (7) becomes
Equation (8) may be rewritten as follows:
Equation (9) has been found in a good agreement for low compression range for bulk materials [18] , where almost all (9) fails. Therefore (9) is modified on an empirical basis. The modified formulation reads as follows and is already used to determine the volume compression for carbon nanotube bundles (bundle and individual tube) [19] :
Results and Discussion
In the present study the Equation of State model is used to study the volume compression in nanomaterials. Equation (9) is used to calculate the volume compression of six nanomaterials (n-Rb 3 C 60 , n-CdSe (rocksalt phase), n-TiO 2 (anatase and rutile phase), Fe-filled nanotube, and -Fe 2 O 3 ). It is clear from the calculation that the Shanker Equation of State (9) gives good results at low compression, but for higher compression it deviates from the experimental points. Therefore to be appropriate for the higher compression (9) is modified empirically. Equation (10) is the modified Equation of State and is used to study the compression of abovementioned nanomaterials. Calculated values of relative volume change from (9) and (10) with pressure are shown in Figures 1, 2 (9) and (10) have been derived in such a way that they are structure independent [18] ; therefore they can also be used for bulk materials by taking input parameters corresponding to the bulk phase.
